A new conversional synthesis of the ABC ring system of taxoids from the C 19 -diterpenoid alkaloid lycoctonine was developed in 6 steps with 2% overall yield. The distinctive features of the conversion include pinacol rearrangement, enlargement of ring B, and opening of a four-membered ring.
For more than a decade, we have persistently explored the different strategies toward the conversional synthesis of taxane-like compounds from naturally abundant C 19 -diterpenoid alkaloids [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Finally, we achieved the conversional synthesis of the desired taxane-like compounds, which possess the 6/8/6 tricyclic ABC ring system of paclitaxel and docetaxel, using deltaline (1) as starting material [20, 21] . During the course of this investigation, we have recently observed by chance that treatment of imine A, the aconitine-type C 19 -diterpenoid alkaloids, with NaNO 2 -HBr-Br 2 can form compound B with a 6/8/7 tricyclic ring system via ring B enlargement reaction [22, 23] . Inspired by this reaction, we envisioned a new strategy towards the conversional synthesis of the A/B/C tricyclic core of taxane-like compounds. As shown in Scheme 2, lycoctonine (2), a naturally abundant C 19 -diterpenoid alkaloid, was planned as the starting material. Imine 4 was proposed to be synthesized from carbonate protecting lycoctonine (3) via the NBS method developed by us [2] . Following the expected ring enlargement reaction of 4 with NaNO 2 -HBr-Br 2 [23] , the fourmembered ring in 5 could be opened by treatment with bromine, leading to the formation of taxane-like compound 6 possessing a tricyclic ABC ring system. In this paper, we wish to present this new conversional synthesis of taxane-like compound 6 from lycoctonine.
We started with the exploration on whether the ring B enlargement reaction [22, 23] is also applicable to the imines of lycoctonine-type C 19 -diterpenoid alkaloids. Consequently, 18-acetyllycoctonine (7) , prepared from lycoctonine (2) by acetylation, was used as the first substrate. As shown in Scheme 3, treatment of 7 with NBS [24, 25] afforded imine 4 in 15% yield, which was reacted with NaNO 2 -HBr-Br 2 to furnish the expected B ring expansion product 5 in 35% yield.
The structure of the new rearranged product 5 was established using 1D and 2D NMR experiments, as well as by high resolution mass spectrometry. The HR-ESI-MS of 5 exhibited the pseudomolecular ion at m/z 503.2243 [M+Na] + , corresponding to the formula C 25 H 36 O 9 . The NMR spectra of 5 displayed the absence of the imine group and the quaternary carbon at  C 50. 3 .The signals at  H 9.58 s and  C 202.1 d are characteristic of a formyl group, which was attributed to C-19 due to the HMBC correlations between H 2 -18 ( H 4.27, 4.66) and C-3, C-5 and C-19, and between H-3 ( H 1.40) and C-1, C-5, C-18 and C-19 ( Figure 1 ). In addition, an oxygenated quaternary carbon at  C 80.6 could be attributed to C-11 based on the HMBC correlations. Compared with 4, the 13 C-NMR spectrum of 5 lacked the signals for the oxygenated quaternary carbons at C-7 and C-8, but showed an additional carbonyl signal at  C 214.8 attributable to C-7. This evidence indicated that the 7,8-diol in compound 4 underwent a pinacol rearrangement to form a ketone. This rearrangement led to the migration of the C7-C17 bond to C8-C17, which was confirmed by the HMBC correlations between H-17 ( H 2.54) and C-5, C-7, C-9 and C-15, and between H-15 ( H 2.22, 2.37) and C-17 ( Figure 1 ). All the proton signals were assigned to their bonding carbons from the HMQC spectrum (see Experimental Section). The extensive analysis of 1 H-1 H COSY and HMBC spectra ( Figure 1 ) confirmed the structure of 5 as described. Even though the expected ring B enlargement product 5 was obtained, it is not readily synthesized via this strategy due to the poor yield of imine 4 and the moderate yield of 5.
As hydroxyl groups might be detrimental to the formation of imine, the glycol moiety in 7 was protected as a carbonate to provide its derivative 3 (Scheme 4). Treatment of 3 with NBS furnished the corresponding imine 8 in 36% yield. After removal of the carbonate group at C-7 and C-8 and the acetyl group of C-18, imine 9 was treated with NaNO 2 -HBr-Br 2 to generate ring B enlargement product 10 in 40% yield.
However, no expected B ring expansion product was obtained from the reaction of imine 8 with NaNO 2 -HBr-Br 2 , suggesting that the pinacol rearrangement of the 7,8-glycol might be the driving force of ring B enlargement of lycoctonine-type diterpenoid alkaloids. In order to verify the above deduction, the pinacol rearranged products 13a and 13b, prepared from lycoctonine (2) via a three-step sequence (Scheme 5), were treated with NaNO 2 -HBr-Br 2 to afford the expected ring B expansion products 14a/b, and 15a/b, respectively (Scheme 5). This experimental result could support the aforementioned suggestion that pinacol rearrangement of the 7,8-diol is critical to the ring B enlargement of lycoctonine-type diterpenoid alkaloids. However, this is not an improved strategy to make ring B enlargement product due to the poorer yields and multiple products.
With critical intermediate 10 in hand, we turned our attention to investigate the cleavage of the C8-C17 bond. Initially, we have explored cleavage reactions with different reducing agents, such as hydrogenation under high pressure and BH 3 /THF. However, no intended product could be obtained from these reduction reactions. After extensive exploration, we found that the expected product 6 could be obtained in 11.6% yield by reaction of 10 with bromine in acetic acid at 60 o C for 1 h (Scheme 6).
The structure of the new taxoid 6 was determined based on the analyses of its 1D and 2D NMR spectra, as well as by high resolution mass spectrometry. Its HRMS showed the pseudomolecular ion [M + Na] + at m/z 627.0391, corresponding to C 24 carbonyl groups [ C 202.6 s, 192.5 s], a trisubstituted double bond, three methoxy groups, and an acetoxy group. The formyl group was attributed to C-19 due to the correlations between H 2 -18 and C-19, and between H-3 and C-19 in its HMBC spectrum. Two carbonyl groups could be assigned to C-1 and C-7 according to the critical HMBC correlations (see Figure 1 ). The remaining three methoxy groups thus belong to C-6, C-14, and C-16, which was supported by the HMBC correlations. The double bond was located at ∆ 8,15 due to the HMBC correlations of H-15 ( H 7.56)/ C-7, C-13, and H-6 ( H 3.42)/ C-4, C-8 ( Figure 1 and Table 1 The signal of the ketone group at C 202.6 (s) can be assigned to C-1 according to the HMBC correlations of H-17 ( H 3.84) /C-1, H-10 ( H 2.89) /C-11 ( Figure 1 and Table 1 ). The acetoxy group was readily assigned to C-18 by analyzing its HMBC spectrum. In addition, the molecular formula indicated the existence of two bromine atoms, which were located at C-11 and C-17 based on the key HMBC correlations (Figure 1 ). The bromine at C-17 is -oriented due to the correlation between H-17 and H-5in the NOESY spectrum. Br-11 could be deduced as having an -orientation based on the mechanism of the bromine addition (Scheme 7).
The mechanism for the formation of 6 was proposed as shown in Scheme 7. A molecule of bromine is added to the moiety of C-7/C-8/C-9/C-10/C-17 in 10, probably analogous to the addition of bromine to an -unsaturated system. This addition led to the opening of the four-membered ring. Meantime, elimination of a molecule of water forms a double bond between C-1 and C-11 to yield 16. Elimination of a molecule of methyl bromide and a molecule of hydrobromic acid provides 17, in which the double bond 11(17) is selectively brominated. It has been reported that  11 (17) in ring B is more reactive than the double bond  8 (15) In summary, a more concise synthesis to the tricyclic ring system of taxoids from lycoctonine has been developed. The critical reactions included pinacol rearrangement, ring B enlargement with NaNO 2 -HBr-Br 2 , and brominated opening of the four-membered ring. The overall yield is 2% for 6 steps from lycoctonine (2) . The only limitation is that the yields for the formation of imines and ring B enlargement are not good enough. Further investigation on improvement of the yields is in progress.
Experimental
General methods: Melting points were determined on a Kofler block (uncorrected). Optical rotations were measured in a 1.0-dm cell on a Perkin-Elmer 341 polarimeter at 20 ± 1°C. IR spectra were obtained on a Nicolet FT-IR 200 SXV spectrophotometer. 1 13 
Preparation of compound 7:
To a solution of lycoctonine (2) (2.0 g, 4.28 mmol) in CH 2 Cl 2 (20 mL) were added pyridine (3 mL) and acetic anhydride (5 mL), and this reaction mixture was stirred at room temperature for 20 h. After basifying with conc. ammonium hydroxide to pH > 10, the subsequent mixture was extracted with chloroform (20 mL × 3). The extracts were dried over anhydrous Na 2 SO 4 and concentrated to give a residue, which was chromatographed over silica gel H (50 g) eluting with light petroleum-acetone (4:1) to afford 7 (2.05 g, 94%) as a white amorphous powder. .
Preparation of compound 13a:
To a solution of compound 12a (500 mg, 1.07 mmol) in CH 2 Cl 2 (10 mL) were added TsOH (240 mg, 1.26 mmol) and acetic anhydride (2 mL), and the reaction mixture was refluxed for 3 d. After basifying with conc. ammonium hydroxide in an ice-water bath to pH > 10, the subsequent mixture was extracted with chloroform (10 mL × 3). The combined extracts were dried over anhydrous Na 2 SO 4 and concentrated to give a residue. This residue was dissolved in acetic acid (10 mL), to which NBS (1.5 g, 8.4 mmol) was added. This mixture was stirred at 25 o C for 1 h before basifying with conc. ammonium hydroxide in icewater bath to pH > 10. The subsequent mixture was extracted with chloroform (10 mL × 3), the combined extracts were dried over anhydrous Na 2 SO 4 , and the chloroform was removed under reduced pressure. The residue was subjected to CC (silica gel H, 15 g, light petroleum-acetone-diethylamine, 100:10:5) to furnish compound 13a (150 mg, 28%) as a white amorphous powder. 
Compound 13a

Preparation of compound 6:
To a solution of compound 10 (50 mg, 0.11 mmol) in acetic acid (1.5 mL) was added Br 2 (0.5 mL), and the reaction mixture was stirred at 60 o C for 2 h. The reaction was quenched with saturated Na 2 SO 3 aqueous solution (4 mL), the subsequent mixture was extracted with ethyl acetate (5 mL 3), the combined organic layers were dried (NaSO 4 ), and the solvent was removed under reduced pressure. CC of the residue (60 mg) on silica gel (1.5 g) using chloroform-methanol (140:1) as eluent afforded compound 6 (8 mg, 11.6%) as a light yellow amorphous powder. 
